Results and discussion
Previous studies have shown that HmLAR2 protein is distributed throughout the surface of the Comb cell (Figure 1a ), including the soma and processes but is particularly concentrated within the growth cones and filopodia [6, 7] . HmLAR2 mRNA was also found ubiquitously distributed within Comb cells, and was clearly present within their multiple growth cones (Figure 1b ). This unusual distribution of the mRNA suggested that HmLAR2 expression might be locally regulated at the growth cone and, thus, important to its functions. To test this, we knocked down the expression of HmLAR2 using RNAi (reviewed in [8] ), which has been used to interfere with the expression of specific embryonic genes in diverse animal systems [9] [10] [11] . The large soma size and accessibility of the Comb cells in intact embryos allowed us to pressure-inject dsRNA directly into individual Comb cells in the germinal plate in a lightly anaesthetized animal, without having to open it up in any way. To ensure specificity of interference with expression in these experiments, the injected dsRNA corresponded to only a portion of the extracellular domain of HmLAR2.
Compared with the uninjected contralateral homologs, Comb cells consistently showed a significant reduction of hybridizable HmLAR2 mRNA 12 hours after injection (data not shown). After a further 24-36 hours, all of the injected cells examined had little or no discernible message in any region of the cell, as determined by in situ hybridization (Figure 1c,d ; n = 5). To confirm that this reduction was specific to the HmLAR2 dsRNA, Comb cells were also injected with dsRNA for a leech ortholog of Netrin [12] . All netrin-injected cells showed strong staining for HmLAR2 mRNA and were indistinguishable from the contralateral, uninjected Comb cells (Figure 1e ,f; n = 6). In contrast, when netrin-expressing cells in the embryo, the ventral longitudinal muscle fibers, were injected with netrin dsRNA, a swift and potent loss of netrin mRNA staining resulted (Figure 2a,b) . Conversely, no changes in netrin mRNA staining were evident following single-cell injections of HmLAR2 dsRNA into ventral muscle fibers (Figure 2c,d ).
These results demonstrate that dsRNA injections into individual post-mitotic cells of the embryonic leech can produce a selective knockdown of gene expression. We also attempted to inject HmLAR2 dsRNA extracellularly into the embryonic cavity separating the developing germinal plate and the yolk. This approach also diminished HmLAR2 mRNA expression in the Comb cells, provided the injection was done early enough in development (data not shown). It appears, therefore, that dsRNA readily enters leech embryonic cells across cellular boundaries, as has been shown to occur in other systems [10, 13] . Unlike intracellular injections, however, extracellular injections were characterized by much higher variability in the degree of mRNA knockdown, and, hence, only the results of intracellular injection of dsRNA are presented here.
We could not test directly whether the experimentally induced loss of HmLAR2 mRNA was accompanied by a corresponding loss of HmLAR2 protein, as we have exhausted our supply of the antibodies to this protein. (Figure 4c,d ). Lamellipodia were essentially absent by this time. Moreover, many processes showed aberrant branch points and crossing-over errors, navigational errors that are seldom seen in normal Comb cell development [6, 14] . Control cells injected with netrin dsRNA had normal growth cone morphologies, and were indistinguishable from cells injected with only the injection buffer and fluorescein-dextran or rhodaminedextran. Finally, it should be emphasized that these Comb cell aberations could be the result of either partial or complete loss of receptor protein function.
It is likely that this abnormal growth cone phenotype results from increased instability and depolymerization of the actin meshwork near the plasma membrane and of the actin cables normally found in lamellipodia and filopodia. Morphological changes such as those reported here have been observed in the growth cones of different cultured neurons, which collapse in response to a variety of factors [ [15] [16] [17] . Collapsin-1 (chick Sema3A), for example, causes the disappearance of lamellipodia and most filopodia [17] from cultured dorsal root ganglia growth cones as a consequence of a net loss of filamentous actin (F-actin) at the leading edge [15] .
Our finding that HmLAR2 is involved in the maintenance of the cytoskeleton in the growth cones of Comb cells complements the observations reported in several studies of RPTP function in Drosophila. Motor-axon guidance decisions along peripheral nerves in Drosophila are sensitive to mutations in several RPTPs, including DLAR, PTP99A and PTP69D [1, 2, 18] . Mutations in any one of these RPTPs lead to an increased failure of motor axons to defasciculate from particular peripheral nerve tracts. Interestingly, multiple mutations that affect more than one of these RPTPs lead to stalling of many motor axons, and to growth cones acquiring a 'club-like' appearance [18] not unlike that reported here for growth cones of the Comb cell after RNAi-mediated knockdown of HmLAR2 expression. Others have reported observing a reduction in lamellipodial membrane in growth cones of retinal ganglion cells (RGCs) when either these neurons are plated on a substrate bearing PTPµ [4] or when they are exposed to the soluble ectodomain of another RPTP, CRYPα [5] . In addition, dominant-negative mutations or antisense knockdown of PTPµ both lead to decreased neurite outgrowth by RGCs growing on a cadherin substrate [4] . As both PTPµ and CRYPα are expressed by the growth cones of the RGCs, these experiments provide further evidence of a role for RPTPs in helping to maintain the cytoskeletal integrity of growth cones.
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The intracellular domain of LAR has been shown to interact with a number of molecules implicated in actin cytoskeletal dynamics. For example, the LAR-binding protein, Trio, can act as a positive regulator of the GTPbinding proteins Rac and Rho, important regulators of actin polymerization [19] . Additionally, it was recently shown [20] that DLAR can bind to and dephosphorylate the actin-binding protein Enabled, a protein implicated in F-actin formation [21] . We propose, therefore, that HmLAR2 functions in a signaling pathway that determines the formation and/or stability of the actin bundles required for the formation and maintenance of filopodia.
In the absence of HmLAR2, the growth cones of a Comb cell acquire a collapsed phenotype and are unable to keep their processes growing in their normal straight, parallel and non-overlapping trajectories.
Materials and methods
DsRNAs were synthesized and injected as described [22, 23] . In situ hybridizations were performed according to published methods [24] . Anti-phosphotyrosine immunocytochemistry was performed on wholemount embryos as described previously [6] using monoclonal antibody 4G10 (Upstate Biotechnology).
Supplementary material
Additional methodological detail is available at http://current-biology. com/supmat/supmatin.htm. 
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Supplementary materials and methods
Double-stranded RNAs were synthesized and injected as described [S1,S2]. RNAs were complementary to contiguous cDNA sequences spanning nucleotides 1-930 for HmLar2 (GenBank accession number AF017083) and nucleotides 1-981 for leech Netrin (GenBank accession number AF101029). Before use, RNA precipitates were dissolved in water and tested by native agarose gel electrophoresis in TBE and stained with ethidium bromide. Single-stranded RNA species from the same cDNA were used to confirm that dsRNA products were shifted in their electrophoretic mobility. The dsRNA was brought to a final concentration of 0.5-1.0 µM in either an intracellular injection buffer (5% dextran-fluorescein, MW 10,000, Molecular Probes; in 20 mM Hepes buffer, pH 7.2), or added to an extracellular injection buffer of 2% polyethylene glycol in Hepes buffer with 0.1% fast green to help visualize the injectate.
For injections, 9-10 day embryos of H. medicinalis [S3] were anaesthetized in a solution of 8% ethanol in sterile artificial pond water and placed ventral side up in a sylgard coated dish (184 silicon; Dow Corning Co.). Intracellular injections were performed using a compound microscope equipped with epifluorescence in order to monitor the progress of each injection. The dsRNA solution (1-2 µl) was placed in beveled electrodes (20 MΩ; sialinized and baked to help improve injection and remove possible RNase contamination) and injected into CCs using positive pressure. For extracellular injection of dsRNAs, the broken tip of an electrode was pushed through the outer vitelline membrane and the contents of the electrode ejected between the developing animal's germinal plate and the yolk sack [S4] . For each injection, approximately 1-2 µl of solution was ejected.
